Abstract: Potassium (K) plays important roles in the metabolism of carbon (C) and nitrogen (N), 9 but studies of K deficiency affecting C-N balance are lacking. This study explored the influence of 10 K deficiency on C-N interaction in cotton leaves by conducting a field experiment with cotton deficiency, causing a decrease of C flux into the amino acids, which was not beneficial for another factor altering soluble sugar to free amino acid ratio and C/N ratio in the K-deficient leaves. 
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Introduction
39
Potassium (K) is important for ensuring optimal plant growth. Although K is not a constituent 40 of any tissue in plants, it is the most abundant inorganic cation, comprising up to 10% of a plant's 41 dry weight (White and Karley, 2010) . K plays important roles in numerous physiological and M A N U S C R I P T
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3 in the first step of sucrose synthesis were markedly reduced by K deficiency (Hu et al., 2015) . 59 Drosdoff et al. (1947) of K deficiency on C-N interaction is lacking. 64 Carbon metabolism and N metabolism are linked because they share organic C and energy 65 supplied by photosynthetic electron transport, CO 2 fixation or respiration (Huppe and Turpin, 1994) . and there is a fixed ratio of sucrose to amino acids in the cytosol of phloem (Cakmak et al., 1994) . 75 However, reports of the effects of K deficiency on the interaction between sucrose transport and 76 amino acid transport in phloem are lacking. 77 Therefore, it was hypothesized that K deficiency would influence C/N balance in cotton leaves 78 and change the export ratio of sucrose to amino acid in phloem. The objectives of this study were (1) 79 to explore the effects of K deficiency on C metabolism, N metabolism and C/N balance in cotton 80 leaves in more detail, and (2) to investigate the effects of K deficiency on the export of C and N 81 metabolites in phloem and its relationship with C/N balance in leaves. For field and greenhouse experiments, citrate extraction and assay were according to 187 Moellering and Gruber (1967). 0.5 g fresh leaves were ground in 10 mL of 0.6 M perchloric acid.
Materials and methods
83
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After centrifugation, the supernatant was neutralized using 2 mL of 2 N KOH and then kept in an There were significant differences in leaf K concentration between treatments ( Table 2 ). The unaffected in the field experiment (Fig.1B) , but was 173% higher in the K1 treatment than K2 276 treatment in the greenhouse experiment. The contents of glucose (Fig. 1A) , sucrose ( reduced by K deficiency (Fig. 1H) , and a decrease of 29 to 36% was observed under K deficiency.
287
K deficiency significantly increased the ratio of soluble sugar to free amino acid by 30-34% (Fig.   288 2A). C/N ratio was significant higher under K deficiency (Fig. 2B) . was observed in the K1 treatment relative to K2 treatment (Fig. 3A) . K deficiency also resulted in a 293 significant decrease in leaf citrate content (Fig. 3B) . In the present study, leaf samples collected 294 from the greenhouse experiment were used for measuring ATP level. Contrary to malate content, 295 leaf ATP level was markedly increased by 40% in the K1 treatment compared with K2 treatment 296 (Fig. 4) . Leaf samples collected from the greenhouse experiment were used for the assays of enzymes.
299
Three enzymes (PEPCase, SPS and NR) were very important in the C and N interaction. The 300 activity of PEPCase decreased by 52% in the K1 treatment compared to K2 treatment (Fig. 5A ). An 301 even greater decrease (69 %) was observed in SPS activity in the K1 treatment relative to K2 302 treatment (Fig. 5B) . NR activity was 16.9 mg g -1 FW h -1 in the K1 treatment and was 30.8 mg g -1
303
FW h -1 in the K2 treatment. (Fig. 5C) (Table 2) , supporting their conclusion. However, the change of the ratio of Chl a/b in 322 Table 2 was inconsistent with their conclusion that K deficiency did not change the ratio of be associated with the restricted export of sucrose from source to sink. In the present study, the 342 results presented in Table 3 showed that sucrose export calculated a unit leaf, per unit FW of leaf or 343 the phloem:leaf ratio, was significantly reduced under K deficiency, supporting Huber's speculation. K-sufficient roots. In this work, leaf ATP level was significant higher in the K1 treatment than K2 383 treatment (Fig. 4) . This was probably because that ATP utilization was inhibited more than ATP 384 synthesis, which would affect the potential energy supply for the metabolism of C and N. Amino 385 acids are the main product of N assimilation which will compete with C assimilation for the C 386 skeletons. The result in Fig. 2A showed that the ratio of soluble sugar to free amino acid was 387 markedly increased under K deficiency, indicating that the increase in soluble sugar content was M A N U S C R I P T
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14 more pronounced than free amino acid content in the K-deficient leaves, which led us to speculate 389 that the influences of K deficiency were greater on C metabolism than N metabolism. In support of 390 this speculation, higher C/N ratio was observed in the K-deficient leaves (Fig. 2B) . Zhang et al.
391
(2014) noticed that high C/N ratio in cotton leaves was conducive to the growth of reproductive 392 organs. However, higher C/N ratio in the K-deficient leaves did not cause higher weight of 393 reproductive organs in our study (Table 1) For field or greenhouse experiment, values followed by a different letter within the same column are significantly different at P = 0.05 probability level. Each value represents the mean of four replications. For field or greenhouse experiment, values followed by a different letter within the same column are significantly different at P = 0.05 probability level. Each value represents the mean of four replications. Table 3 Effect of K deficiency on phloem export of sucrose and amino acid for the fourth main-stem leaves from the terminal of the plant for the greenhouse experiment. Phloem exudates were collected from detached leaves using the EDTA-method. All values are means of four replications. ** indicates that the differences between two treatments are significant at P=0.01 probability level. 
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